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(54) OPTOELECTRONIC INTEGRATED CIRCUIT AND ITS PRODUCTION 



(57)Abstract: 

PROBLEM TO BE SOLVED: To produce an 
optoelectronic integrated circuit with high accuracy at a 
low cost which enables fast signal processing in large 
capacity. 

SOLUTION: This optical waveguide circuit consists of an 
optoelectronic combined circuit substrate 201 in which 
electronic devices and optical devices are integrated, 
and at least one optical waveguide layer consisting of a 
flattening polymer layer 216, polymer lower clad layer 
217, polymer core layer 218 and polymer upper clad 
layer 219 laminated on the substrate. The optical 
waveguide layer has an optical waveguide and an optical 
path converting part 207. 
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* NOTICES * 

•JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]lt is the optoelectronic integrated circuit in which an optical waveguide circuit was 
directly assembled on the photoelectrical fusion circuit board which integrated an electronic 
device and a light corpuscle child, On said photoelectrical fusion circuit board, at least one 
optical waveguide layer which consists of a flattening polymer layer, polymer lower clad layers, 
polymer core layers, and polymer upper clad layers is laminated and provided, An 
optoelectronic integrated circuit provided with an optical waveguide circuit constituted by an 
optical waveguide and an optical-path converter for performing optical connection with said 
light corpuscle child in said optical waveguide layer. 

[Claim 2]The optoelectronic integrated circuit according to claim 1 making said flattening 
polymer layer and said polymer lower clad layer serve a double purpose by one layer. 
[Claim 3]lt is a manufacturing method about an optoelectronic integrated circuit by forming an 
optical waveguide circuit for optical wiring directly on the photoelectrical fusion circuit board 
characterized by comprising the following by which an electronic device and a light corpuscle 
child were integrated. 

A process of applying a monomer or oligomer and forming a flattening polymer layer on said 
photoelectrical fusion circuit board. 

A process of applying a monomer or oligomer and forming a polymer lower clad layer on said 
flattening polymer layer. 

A process of applying a monomer or oligomer and forming a polymer core layer on said 
polymer lower clad layer. 

A process of carrying out pattern NINGU of said polymer core layer, and forming waveguide 
patterns, A process of applying a monomer or oligomer, embedding these waveguide patterns, 
and forming a polymer upper clad layer on said waveguide patterns by which pattern NINGU 
was carried out, A field of a layer which adjoins said waveguide patterns and these waveguide 
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patterns is etched, it has a process of forming an optical-path converter into these waveguide 
patterns, and they are said polymer lower clad layer, said waveguide patterns, and said 
polymer upper clad layer on said photoelectrical fusion circuit board. 

[Claim 4]How to produce an optoelectronic integrated circuit by forming an optical waveguide 
circuit for optical wiring directly on the photoelectrical fusion circuit board characterized by 
comprising the following by which an electronic device and a light corpuscle child were 
integrated. 

A process of applying a monomer or oligomer and forming a flattening polymer layer on said 
photoelectrical fusion circuit board. 

A process of applying a monomer or oligomer and forming a polymer lower clad layer on said 
flattening polymer layer. 

A process of carrying out pattern NINGU and forming waveguide patterns at the same time it 
applies a monomer or oligomer of a photosensitive material and forms a polymer core layer on 
said polymer lower clad layer. 

A process of applying a monomer or oligomer, embedding these waveguide patterns, and 
forming a polymer upper clad layer on said waveguide patterns by which pattern NINGU was 
carried out, A field of a layer which adjoins said waveguide patterns and these waveguide 
patterns is etched, it has a process of forming an optical-path converter into these waveguide 
patterns, and they are said polymer lower clad layer, said waveguide patterns, and said 
polymer upper clad layer on said photoelectrical fusion circuit board. 

[Claim 5]A manufacturing method of the optoelectronic integrated circuit according to claim 3 
or 4 making said flattening polymer layer and said polymer lower clad layer serve a double 
purpose by one layer. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to an optoelectronic integrated circuit which can 
perform mass signal processing especially, and a manufacturing method for the same about 
an optoelectronic integrated circuit which has the optical waveguide circuit by which optical 
connection was carried out on the circuit board which integrated the electronic device and the 
light corpuscle child, and this circuit board, and a manufacturing method for the same. 
[0002] 

[Description of the Prior ArtJIn order to control noise generating in an integrated circuit, signal 
delay, etc. conventionally, instead of metallic wiring, the optical integrated circuit using the 
optical wiring by an optical waveguide attracts attention. 

[0003]As shown in drawing 16 , there is an optoelectronic integrated circuit by the monolithic 
accumulation by which the optical waveguide 3, the light emitting device 4, and the photo 
detector 10 were formed on the substrate 1 in this kind of optical integrated circuit, for example 
(refer to JP.59-75656.A). 

[0004]As shown in drawing 17 , there is an optoelectronic integrated circuit which carried out 
hybrid accumulation of the optical connection board 103 which has the optical waveguide 107, 
and the integrated circuit chip 101 (LSI board) which has the photo detector 102 (refer to JP.6- 
45584.A). 
[0005] 

[Problem(s) to be Solved by the lnvention]The combination of the material which usually 
carries out lattice matching of the former example to a GaAs substrate or an InP substrate, For 
example, it is produced by forming the waveguide of a direct transition die-materials system of 
GaAs/aluminum Ga„ As and InP/ln Ga, As P. (about x=0.47y) on a substrate. 

x 1-x x 1-x y 1-y v " 

[0006]ln this case, if it shifts from lattice matching conditions, internal stress will occur, when 
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extreme, a rearrangement and a defect occur in a crystal, an element life becomes short in 
many cases, and a non-lattice matching condition / material combination is difficult to use in 
addition to a very thin (about 1000 A or less) layer. 

[0007]Thus, in order to perform monolithic accumulation of a waveguide, there are restrictions 
of the material restrictions in which many restrictions, for example, the geometrical restrictions 
accompanying many re-growing processes, and re-growth are possible, a luminous 
wavelength, and light-receiving wavelength. Although many of integrated circuits for signal 
processing in recent years are silicon system integrated circuits, with the silicon of an indirect 
transition, they cannot manufacture a light emitting device but are limited to combination with a 
photo detector. 

[0008]There is much difficulty on mounting for on the other hand arranging in the latter 
example by performing exact positioning of the optical connection board 103 and the 
integrated circuit chip 101 (LSI board) with the photo detector 102. Since the optical 
connection board 103 and the integrated circuit chip 101 perform assembling work individually, 
they cannot manufacture two or more optoelectronic integrated circuits simultaneously. 
Although these are not physical restrictions, they become a very high cost optoelectronic 
integrated circuit, and are not practical. 

[0009]Here, on an electronic circuit board, the problem in the case of carrying out hybrid 
accumulation of the light corpuscle child is mentioned as an example, and is explained. 
[0010]For example, it is considered as the method of carrying out hybrid accumulation of a 
photo detector thru/or the light emitting device, and an electronic circuit board has solder bump 
art. 

[0011]However, although a photo detector or a light emitting device is made a small chip and it 
pastes up in the method using this art using solder, there is following problem (1) - (3). 
[0012](1) It is very difficult to make a chip smaller than 100 micron x100 micron x100 micron 
from cleavage or a scribe. For this reason, the chip with which variety differs (it is (like a photo 
detector and a light emitting device)) is umaccumulable on the same electronic circuit board. 
[0013](2) In order to output and input light from the substrate side of a photo detector thru/or a 
light emitting device, the wavelength range to be used needs to remove an unnecessary board 
part, using a transparent substrate. In the method of (1), light-receiving thru/or the big 
restriction to selection of a light emitting device are received. Since the electronic circuit board 
and the solder layer are exposed in the method of (2), it is difficult to remove without giving 
them a damage. 

[0014](3) It is impossible to carry out flattening of the upper part, and to form a waveguide 
layer with the thickness of the substrate of a solder layer, and a photo detector and a light 
emitting device, since unevenness of an electronic circuit board will be at least 100-200 
microns. Since the distance of a waveguide side, and an acceptance surface and a light- 
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emitting surface will be 100-200 microns or more, if a lens means is not made to intervene, it is 
theoretically impossible to acquire high coupling efficiency. 

[0015]Then, the purpose of this invention provides the highly efficient optoelectronic integrated 
circuit which can perform high-speed signal processing with large scale, and there is in 
providing the manufacturing method of high degree of accuracy and a low cost optoelectronic 
integrated circuit. 
[0016] 

[Means for Solving the Problem]This invention on the photoelectrical fusion circuit board which 
integrated an electronic device and a light corpuscle child, An optical waveguide circuit is an 
optoelectronic integrated circuit assembled directly, and on said photoelectrical fusion circuit 
board, At least one optical waveguide layer which consists of a flattening polymer layer, 
polymer lower clad layers, polymer core layers, and polymer upper clad layers is laminated 
and provided, An optoelectronic integrated circuit is constituted by having an optical waveguide 
circuit constituted by an optical waveguide and an optical-path converter for performing optical 
connection with said light corpuscle child in said optical waveguide layer. 
[0017]This invention by forming directly an optical waveguide and an optical waveguide circuit 
which has said optical-path converter, How to produce an optoelectronic integrated circuit by 
forming an optical waveguide circuit for optical wiring directly on the photoelectrical fusion 
circuit board which is characterized by that a manufacturing method of an optoelectronic 
integrated circuit comprises the following and by which an electronic device and a light 
corpuscle child were integrated. 

A process of applying a monomer or oligomer and forming a flattening polymer layer on said 
photoelectrical fusion circuit board. 

A process of applying a monomer or oligomer and forming a polymer lower clad layer on said 
flattening polymer layer. 

A process of applying a monomer or oligomer and forming a polymer core layer on said 
polymer lower clad layer. 

A process of carrying out pattern NINGU of said polymer core layer, and forming waveguide 
patterns, A process of applying a monomer or oligomer, embedding these waveguide patterns, 
and forming a polymer upper clad layer on said waveguide patterns by which pattern NINGU 
was carried out, A field of a layer which adjoins said waveguide patterns and these waveguide 
patterns is etched, it has a process of forming an optical-path converter into these waveguide 
patterns, and they are said polymer lower clad layer, said waveguide patterns, and said 
polymer upper clad layer on said photoelectrical fusion circuit board. 

[0018]This invention by forming directly an optical waveguide and an optical waveguide circuit 
which has said optical-path converter, How to produce an optoelectronic integrated circuit by 
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forming an optical waveguide circuit for optical wiring directly on the photoelectrical fusion 
circuit board which is characterized by that a manufacturing method of an optoelectronic 
integrated circuit comprises the following and by which an electronic device and a light 
corpuscle child were integrated. 

A process of applying a monomer or oligomer and forming a flattening polymer layer on said 
photoelectrical fusion circuit board. 

A process of applying a monomer or oligomer and forming a polymer lower clad layer on said 
flattening polymer layer. 

A process of carrying out pattern NINGU and forming waveguide patterns at the same time it 
applies a monomer or oligomer of a photosensitive material and forms a polymer core layer on 
said polymer lower clad layer. 

A process of applying a monomer or oligomer, embedding these waveguide patterns, and 
forming a polymer upper clad layer on said waveguide patterns by which pattern NINGU was 
carried out, A field of a layer which adjoins said waveguide patterns and these waveguide 
patterns is etched, it has a process of forming an optical-path converter into these waveguide 
patterns, and they are said polymer lower clad layer, said waveguide patterns, and said 
polymer upper clad layer on said photoelectrical fusion circuit board. 

[0019]Here, said flattening polymer layer and said polymer lower clad layer may be made to 

serve a double purpose by one layer. 

[0020] 

[Embodiment of the lnvention]Hereafter, with reference to drawings, an embodiment of the 
invention is described in detail. 

[0021]The [1st example] A 1st embodiment of this invention is described based on drawing 1 - 
drawing 13 . 

[0022](Structure) The structure of an optoelectronic integrated circuit applicable to this 
invention is first explained based on drawing 1 and drawing 2 . 
[0023] Drawing 2 is a top view of an optoelectronic integrated circuit. 

[0024]201 is an electronic integrated circuit board which consists of silicon. On this electronic 
integrated circuit board 201, the electronic integrated circuit 203 (here the electronic circuit 1 - 
the electronic circuit 3) divided into several circuit blocks from which a function differs is 
formed. The bonding pad 202 for electric wiring is formed in the end on the electronic 
integrated circuit board 201 . The art which produces several circuit blocks from which a 
function differs in the same electronic integrated circuit board 201 can use the manufacturing 
method of a well-known integrated circuit. 

[0025]The light-emitting part 204 constituted by the light emitting device and the light sensing 
portion 206 constituted with a photo detector are formed in the electronic integrated circuit 203. 
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The composition of a light emitting device and a photo detector is explained using drawing 1 . 
[0026]The optical waveguide 205 and the optical-path converter 207 are formed above the 
light-emitting part 204 and the light sensing portion 206 as optical wiring for performing optical 
connection between these light-receiving-and-light-emitting parts. 

[0027]The optical waveguide 208 for external connection and the optical fiber connection 209 
are formed as an object for connection with an external circuit. 

[00281 Drawing 1 shows the detailed integrated structure of a light-receiving-and-light-emitting 
part and an optical wiring part. 

[0029]210 is a contact electrode for electrically connecting a photo detector with the electronic 
integrated circuit 203, and a light emitting device and the electronic integrated circuit 203, 
respectively. 

[0030]21 1 is polyimide which pastes together the circuit board 201 , a light emitting device and 
the circuit board 201 , and a photo detector, respectively. 

[0031 ]21 2 is the electric wiring for electrically connecting a photo detector with the electronic 
integrated circuit 203, and a light emitting device and the electronic integrated circuit 203, 
respectively. If needed, this electric wiring 212 has barrier structure so that neither 
discontinuous construction nor metal may react. 

[0032]213 is a surface emission-type laser as a light emitting device, and is constituted by a P 
type DBR mirror, an active layer, and the n type DBR mirror. 

[0033]214 is a photo-diode as a photo detector, and the thing of the pin composition by the p- 
type semiconductor, the i-type semiconductor, and an n-type semiconductor is usually used for 
it. 

[0034]Low reflection coating 215 is performed to the upper surface of this photo-diode 214. 
[0035]The flattening polymer layer 216 is laminated on these surface light laser 213 and the 
photo-diode 214. 

[0036]On this flattening polymer layer 216, the polymer lower clad layer 217, the polymer core 
layer 218, and the polymer upper clad layer 219 are laminated one by one. An optical 
waveguide functions according to the layer system of 217 to 219 which consists of these 
polymer. As a material of an optical waveguide, it is not limited to these polymer and can 
produce with a well-known material. 

[0037]The optical-path converter 207 is constituted by removing a part of optical waveguide 
with a suitable angle of inclination, and producing a mirror. The high reflection film 220 as a 
mirror is formed in this optical-path converter 107. An optical path deflection is carried out so 
that the light from the surface emission-type laser 213 may be led to the polymer core layer 
218, and the optical path deflection of this high reflection film 220 is carried out so that the light 
from the polymer core layer 218 may be led to the photo-diode 214. 

[0038]This high reflection film 220 reduces the optical-path conversion loss of the optical-path 
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converter 207, and it raises reliability. Metal membranes, such as a dielectric multilayer which 
consists of Ti0 2 /Si0 2 etc. or Au, Ag, Cr, and aluminum, can be used for such a high reflection 

film 220. 

[0039]The thin film of Si0 2 which is the material whose optical waveguide and refractive index 

are almost equal as a protective film may be made to adhere to this high reflection film 220. 
[0040](Manufacturing method) Next, the manufacturing method of this device is explained 
based on drawing 3 - drawing 13 . 

[0041](Photoelectrical fusion circuit board) Process (1) - (6) which produces the photoelectrical 
fusion circuit board is first explained based on drawing 3 - drawing 8 . 
[0042] Drawing 3 shows the 1st process (1). 

[0043]On GaAs substrate 240, the epitaxial layer 250 is formed by epitaxial growth. 
[0044]That is, the 1st etch stopping layer, the layer of the surface emission-type laser 213, the 
2nd etch stopping layer, and the layer of the photo-diode 214 are formed by epitaxial growth 
on GaAs substrate 240, and this produces the epitaxial substrate 260. 
[0045]The composition of the epitaxial layer 250 of the epitaxial substrate 260 is as follows. 
[0046]The 1st etch stopping layer comprises the aluminum 0 6 Ga Q 4 As layer 251 and InGaP 

layer 252. 

[0047]The layer of the surface emission-type laser 213 comprises n-DBR layer (multilayer 
structure of n dope GaAs/AIGaAs) 253, the GaAs active layer 254, and p-DBR layer (multilayer 
structure of p dope GaAs/AIGaAs) 255. 

[0048]The 2nd etch stopping layer comprises the aluminum 0 3 Ga Q ? As layer 256. 

[0049]The layer of the photo-diode 214 comprises p-GaAs layer 257, i-GaAs layer 258, and n- 
GaAs layer 259. 

[0050] Drawing 4 shows the 2nd process (2). 

[0051]Flattening of the unevenness of the surface in which the electrode 201a on the 
electronic integrated circuit board 201 was formed is carried out. After this flattening applies 
and hardens the polyimide 201b, it can be carried out by carrying out a surface polish. 
[00521 Drawing 5 shows the 3rd process (3). 

[0053]As shown in drawing 5 (a), the epitaxial layer 250 formed in said epitaxial substrate 260 
and the electronic integrated circuit board 201 are pasted up using the polyimide 211. 
[0054]As shown in drawing 5 (b) after adhesion, the temporary stop of the pasted-up substrate 
is carried out at 200 **. 

[0055]As shown in drawing 5 (c) after a temporary stop, unnecessary GaAs substrate 240 is 
etched by H 2 0 2 +NH 3 OH. 

[0056]The aluminum 0 6 Ga Q 4 As layer 251 is etched by H 2 S0 4 +H 2 0, and InGaP layer 252 is 



http://ww4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ipd... 9/4/2008 



JP,2000-235127,A [DETAILED DESCRIPTION] 



Page 7 of 11 



etched by HCI+H 2 0. 

[0057] Drawing 6 shows the 4th process (4). 

[0058] Drawing 6 (a) shows the wafer in which the epitaxial layer 250 was formed on the 
electronic integrated circuit board 201 . Drawing 6 (b) expands and shows a part of chip on a 
wafer. Drawing 6 (c) shows the chip cross section shape of drawing 6 (b). Drawing 6 (d) 
expands and shows drawing 6 (c). 

[0059] Drawing 6 (a) As shown in - (b), the epitaxial layer 250 produced on the electronic 
integrated circuit board 201 of a wafer is etched selectively, and it divides into the portion of 1 - 
2 mm square. Since the alignment of the photograph work for this etching may be rough, it can 
carry out easily using a double-sided alignment type photographic filter. 
[0060] Drawing 6 (c) - (d) shows the sectional shape after etching the epitaxial layer 250 
selectively. In this stage, it heats to 350 ** and the polyimide 21 1 for adhesion is stiffened 
thoroughly. 

[0061]An ashing device removes the polyimide 211 located in a portion without the epitaxial 
layer 250. 

[0062]By this, the alignment mark 270 made simultaneously with the electronic integrated 
circuit board 201 beforehand appears from a division groove portion. 
[0063] Drawing 7 shows the 5th process (5). 

[0064]Using the alignment mark 270 on the electronic integrated circuit board 201, it etches 
with a photograph work and the mesa structure of the surface emission-type laser 213 and the 
photo-diode 214 is produced. 
[0065] Drawing 8 shows the 6th process (6). 

[0066] Electric wiring 212 between the electronic integrated circuit board 201 and the surface 
emission-type laser 213 and between the electronic integrated circuit board 201 and the photo- 
diode 214 is performed. This electric wiring 212 can be performed using vacuum deposition or 
plating. 

[0067]Low reflection coating may be formed on the photo-diode 214 if needed. 
[0068]Thus, the photoelectrical fusion circuit board by which the surface emission-type laser 
213, the photo-diode 214, the electric wiring 212, and the polyimide 21 1 were formed on the 
electronic integrated circuit board 201 is producible. 

[0069](Waveguide) Next, a light corpuscle child explains process (7) - (11) which produces a 
waveguide based on drawing 9 - drawing 13 on the accumulated photoelectrical fusion circuit 
board. 

[0070] Drawing 9 shows the 7th process (7). 

[0071 ]The flattening polymer layer 216 is formed on the photoelectrical fusion circuit board on 
which the light corpuscle child was accumulated. 

[0072]ln this case, the flattening polymer layer 216 is formed by applying an epoxy system 
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monomer thru/or oligomer by a spin coater etc. on the photoelectrical fusion circuit board. If 
viscosity is lowered, it will not be influenced by unevenness of a ground but a layer with the flat 
surface will be manufactured. 

[0073]Since the thickness to the photo-diode 214 formed in the photoelectrical fusion circuit 
board shown in drawing 8 mentioned above is [ the thickness to 2 thru/or 10 microns and the 
surface emission-type laser 213 ] 10 thru/or about 25 microns, The thickness of 216 layers of 
flattening polymer layers is thicker than the unevenness, and is 5 thru/or about 50 microns. 
[0074]And the whole surface of the applied flattening polymer layer 216 is stiffened by 
ultraviolet exposure. This flattening polymer layer 216 may be manufactured using heat- 
hardened type polymer. In this case, the whole substrate is made to heat and the flattening 
polymer layer 216 is stiffened. 
[0075] Drawing 10 shows the 8th process (8). 

[0076]On the flattening polymer layer 216, the polymer lower clad layer 217 is formed using 

the same process as drawing 9 . In this case, thickness is about 5-50 microns. 

[0077]The flattening polymer layer 216 and the polymer lower clad layer 217 may be made to 

make it serve a double purpose as the same layer. 

[0078] Drawing 11 shows the 9th process (9). 

[0079]The polymer core layer 218 is formed on the polymer lower clad layer 217. 
[0080]ln this case, in the case of a multi-mode, a refractive index is a presentation large 1 to 
2%, and the epoxy system monomer thru/or oligomer which becomes the polymer core layer 
218 is applied so that it may function as a core of a waveguide. 

[0081]Since the polymer core layer 218 must make a waveguide pattern, when photosensitive 
ultraviolet hardening type epoxy is used, it irradiates only the portion which it leaves as a core 
with a mask, stiffens a core part, and forms the remaining portion by carrying out development 
removal. 

[0082]When a nonphotosensitive heat-curing monomer thru/or oligomer is applied, heat curing 
is carried out and a core pattern is produced by the usual photolithography or other means. 
[0083]That is, resist is applied, a mask pattern is transferred to a resist film, an unnecessary 
core layer is removed by using resist as an etching mask using etching methods, such as 
reactive ion etching, and resist is removed after that. 

[0084]The position of a core layer is doubled on the basis of the marker on the electronic 
integrated circuit board 201, when performing a photolithography. For this reason, the 
accuracy of position of a waveguide is about **0.5 microns. The thickness of the polymer core 
layer 218 is about 5-100 microns. 

[0085]When the surface emission-type laser 213 of a horizontal multi-mode is used, about 20- 
50 microns is suitable for the thickness of the polymer core layer 218. When the surface 
emission-type laser 213 of a horizontal single mode is used, about 5-30 microns is suitable for 
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the thickness of the polymer core layer 218. 
r00861 Drawing 12 shows the 10th process (10). 

[0087]The polymer upper clad layer 219 is formed on the polymer core layer 218. 
[0088]ln this case, by the presentation which can do the polymer layer of the same refractive 
index as the polymer lower clad layer 217, an epoxy system monomer thru/or oligomer are 
applied similarly, ultraviolet exposure is carried out and the whole surface is stiffened. This 
layer thickness is about 5-50 microns in the upper part of a core layer. 
[0089] Drawing 13 shows the 1 1 th process (11). 

[0090]The optical-path converter 207 is produced using cutting by dicing. 

[0091]However, in the dicing method, since it produces on a straight line, the optical-path 

converter 207 cannot be formed in the arbitrary direction in arbitrary positions. 

[0092]The accuracy of position of dicing is about **2 microns, and when using multi-mode 

surface light laser, it is sufficient accuracy. Alignment is easily possible for dicing using the 

marker provided on the electronic integrated circuit board 201. 

[0093]Since the polymer layers 216-219 are directly formed in the upper part of the 

photoelectrical fusion circuit board which consists of the electronic integrated circuit board 201, 

the surface emission-type laser 213, the photo-diode 214, the electric wiring 212, and the 

polyimide 21 1 as mentioned above, In the production processes of this waveguide, it is easily 

producible by performing alignment using photolithography technique. 

[0094]Since a manufacturing process is performed by the wafer scale, it can produce many 

optoelectronic integrated circuits simultaneously, and it can produce an optoelectronic 

integrated circuit with the element of a various kind. 

[0095]Also in the optical-path converter 207, it is producible to low cost using the usual dicing 
apparatus in required accuracy. 

[0096]ln addition, it becomes possible to aim at a radical improvement of performance which 
are enumerated below. 

[0097]1. Since distance between input output section of waveguide, luminescence, and photo 
detector is short, Since coupling efficiency becomes high and the photo-diode 214 is 
accumulated by the electronic integrated circuit 203 with low capacity (about 0.1 pF), it 
becomes possible to design the receiving circuit of the electronic integrated circuit 203 operate 
at high speed. Therefore, at the rate of the clock of the electronic integrated circuit 203, and an 
equivalent grade, a signal can be made into a lightwave signal and can be inputted into an 
electronic circuit. 

[0098]2. the surface emission-type laser 213 - low capacity (about 0.1 pF) - and since it is 
accumulated with low inductance (about 0.1 nH(s)), it is possible to run in high-speed 
abnormal conditions easily. Therefore, it can output from the electronic integrated circuit 203 
by making a signal into a lightwave signal at the rate of the clock of the electronic integrated 
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circuit 203, and an equivalent grade. 

[0099]Namely, although the light emitting device and the photo detector, and the optical 
sending circuit and optical receiving circuit that accompany them are connected by the optical 
waveguide among some electronic integrated circuits 203 in this example, By having adopted 
such optical wiring, it has the advantage that the impedance match of each electronic circuit is 
unnecessary, and ultra high-speed nature more than Gbit/s and low power consumption can 
be attained. 

[0100]Since it is such, as compared with the system LSI which used only the conventional 
electronic integrated circuit, the electronic integrated circuit 203 of this example can perform 
mass signal processing at high speed, and can aim at a radical improvement of performance. 
[0101]Since communication is possible with an external device and a circuit with a lightwave 
signal, the band limit what is called by a pin bottleneck is avoidable. 
[0102]Although it was considered as the circuitry which accumulated both the light emitting 
device and the photo detector in this example, it is applicable to this invention also as circuitry 
which accumulated either. 

[0103]The [2nd example] Next, a 2nd embodiment of this invention is described based on 
drawing 14 . The explanation about the 1st embodiment and identical parts that were 
mentioned above is omitted, and identical codes are given to identical parts. 
[0104]ln this example, the manufacturing method of the optical-path converter 207 which 
constitutes an optical waveguide is changed. 

[0105]As shown in drawing 14 (a), the etching mask layer 221 is manufactured by a 
photolithography on the polymer upper clad layer 219. Then, the optical-path converter 207 as 
shown in drawing 14 (b) is producible by applying an ionic current from an oblique direction 
and performing reactive ion etching. 

[0106]Thus, by using photolithography technique, the accuracy of position of a mirror (refer to 
the high reflection film 220 of drawing 2 ) can be set up more highly than the 1st example. 
[0107]The [3rd example] Next, a 3rd embodiment of this invention is described based on 
drawing 15 . The explanation about the 1st and 2nd embodiments and identical parts that were 
mentioned above is omitted, and identical codes are given to identical parts. 
[0108]ln this example, an optical waveguide is formed by two or more waveguide layers. 
[0109]That is, in addition to the 1st waveguide layer of 217-219 which were mentioned above, 
the 2nd waveguide layer is produced. 

[0110]The 2nd waveguide layer comprises the 2nd polymer lower clad layer 223, the 2nd 
polymer core layer 224, and the 2nd polymer upper clad layer 225. 222 is a cladding layer 
between each core layer. 

[01 1 1]The cladding layer between each core layer, for example, 219 and 222, may be made to 
serve a double purpose in the same layer. There may be a waveguide layer of the 3rd 
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henceforth. 

[0112]Thus, since intersection of an optical waveguide can be constituted by using the 
waveguide of another layer, the cross talk between waveguides can be reduced. And high- 
density optical wiring can be performed. 
[0113] 

[Effect of the lnvention]As explained above, according to this invention, on the photoelectrical 
fusion circuit board which integrated the electronic device and the light corpuscle child, Since 
at least one optical waveguide layer which consists of a flattening polymer layer, polymer lower 
clad layers, polymer core layers, and polymer upper clad layers was laminated and the optical 
waveguide circuit which consists of an optical waveguide and an optical-path converter was 
provided in this optical waveguide layer, Two or more electronic circuits are connected by 
optical wiring, and the optoelectronic integrated circuit which can perform high-speed signal 
processing with large scale can be produced to low cost with high precision. 



[Translation done.] 



http://\vw4.ipdl.inpit.gojp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fww4.ipd 9/4/2008 



JP,2000-235127,A [DRAWINGS] 



Page 1 of 8 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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sB2 5 9&*6«Mt£t"l«. 

[ o o 5 o ] 041*, mzcoxn < 2 > 

[ o o 5 1 ] ft^mmenwiLz o i ±a>^S2 o i a 

*!M$ K2 0 1 b*ffeff. KffcUTcttcc, ^ffiffig? 

[0 05 2] B5I*. S3 ©IB (3) «r*-T. 

[ 0 0 5 3 ] ■ 5 ( a ) KiWi *te . lifiBx tf * + 1/ 
* ^iS 2 6 0 HRA * *Vtex * * * ^ * 2 5 0 
t. « : f«fS@B8StS2 0 1 tf'J<{ $ K2 1 1 * 

[ 0 0 5 4] tt»ft« @5 C b > CC^TJ: ^CC. 

nfcgfi*, 2 o o xxmtobth. 

1 0 0 5 5 ] (Blfca&fc, B5 ( c > (C5W J: W£. X% 
&GaAslHE24 0*H. O, + NH, OHCx?* 

[0 05 6] 3*>K, Alo.* Ga,.c A$B25l£ 
H, SO, + H, OW»f>jru InOaPS25 
2£HC ! +H, OW^>W. 

[ 0 0 5 7 ] B6lt, »4©I« <4 ) 

[ 0 0 5 8 ] B6 < a ) tt. B?ftBBB£&2 0 1 ± 
tcx f $ * > t >IB 2 5 0 OT&tf $ titc f) x ^ £ 
me <b> (£. Sx^vhcs^^-^^t/C*? o 
@6 ( c ) tt. @6 ( b ) <D* v ^-KiBStttSTo @ 

6 ( d) », m <c> tttfcortt-r. 

[ 0 0 5 9 ] @6 ( a ) -(b) J: ^cc. *x^ 
a>tg^fS@B8etS2 0 1 ±CCff£3ttfcxe***-'* 
iL*B 2 5 0 *M0HBtcx 1-2 mm fto« 

[0060] B6 (c) - <d> I*. *e#+ftj« 
2 & O&as^Kx * *> yofc«©Kffl^i*«:Sf . 
C«t; 3 5 0 VZZ'imL'X&mv* 'J A X K 
2 1 lft£dKBft3'tt<&. 

[ 0 0 6 1 ] S fc, x t*£ * 2 5 0 ©«(r 
iC&W?Z>* V A \ K 2 1 1*7? to ?ggK «fc - r 

[0062] CfclCjr-C. TOS?SfltBB££2 0 

[0 06 3] B7«, MSCC-Xfa (5) 

[ 0 0 6 4] «?SffiBBS«2 (;. i ±«>{ig£fc1^ 
~-*2 7 0£W,>r, 7* H9-5'tXi'*>^f 
l*. iBft*u-1f2 1 34d«fcV7* h^*-K2i 4 

[0065] B8I*. »6©IB (6) 
[ 0 0 6 6] «T^IRB»S«E2 0 1 iSft*U-^2 
I 3<L<PJS1, fcJjtX, S?BBBB&£2 0 It?* h 
*V *-F2 1 4 60>n«>«5KBB2 1 2£?t5, C«!> 



TO «H2 0 0 0-2 3 5 1 2 7 

a 

[0067] *fc. ABfcfcOT, **Hr-f*-K2 

[0 06 8] COJ^CCt/C, S7S8SB&B2 0 ! 
±K. fflftjfcb-^2 13. ?* Y94*-¥Z 1 4, 
SSBB2 1 2. #'J -fS F2 i l#»JStSnfcilcSB 
dBBtttitefFM? * C <L#-C * 4. 

[0069] ( 9'%b> awe, a^sftfcjw 

10 ■dBK£^fc*W£fEM* < 4IB (7)^(1 

1 ) B9HS1 ZtcMU'Ximth* 

I 0 0 7 0 ] B9I*. ^7 <OXn ( 7 ) «r^r. 

[007 i ] **^ss«snte**tt&Bag«± 

tC. Wft# 2 1 6«r©.«f*. 

[0072] CCC-il^ ^I4^BSS«±tc. + 

fl&BMUFSM. 
20 [ 0 0 7 3] Bt20feB8^l^c««l!kdBBSS(C 
mthtlfc?* K2 ! 4$'Cfl>Wf^2«fl' 

U l 0 ^ ^ a > . B^jfet/ -1^2 ! 3 S rcoBWtf 1 0 
&i»U2 5**P>BlTC*4fc». ¥Sfb^'J7-J2 

2 16S(0Jg©«, *«BOJ: •?<>»<, 5tt<r»U5 0 

[ 0 07 41 * L^r , *flE)B1p*nfc?«ffc* »J -?-B 

30 8*'C**fbl< , J-a'-B2 l 6&BfbSH*&. 
[ 0 0 7 5 ] B 1 0 1*, l&8CDX-f§ < 8 ) &™T. 
[0076] ¥flfb#U-?-B2 I6±tc, *«7-T 
&*-7? KB 2 17*. B9&n«ftXB<rBi^SJtt 

4, 

[0 07 7] TOft?t<y^-B2 1 8«sAU#>J 
^-T«»5* KB 2 !7i$, HDB£i/r«B««r 

[ o o 7 8 ] m 1 1 It, »9©XS < 9 > &™t. 
40 [0079] #'J-*-Ttt*5* KB2 17±(C. 

^-3rB2 i 8*»«r*. 

[0080] CCC-^, waBEW>37iorlBttT6J: 
OK. ^Jl^-KCMiSa, B«r*#l-2»**C* 
aWtC, *U-?-3TB2 1 8lCfc*x#*t'&*^ 

[008 ! ] #'J-*-a7B2 1 8k*. «?6SS^5f-> 
*ff6ftl*tl«a6ftC-©-C. ®jfel4<cm?iftisx* 

so «ss*r*ct«:j:-5r»tiw*. 
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1 0 0 8 2] #«*tto>tt«ffc* y -?- &1>U* x ) 

[0083] T&fcfc, US>At*B*U 

£ Ui'A h B(CK5U h ? a 

*#£*«l^7W$>:a7B*:l**0. 
*rf£*? 4„ 

[0 084] 3 7H©ftRi*, 7 * h 'J V < £?t 
«?aBBB&£2 0 l±©-*-*MMHC 
l/tSb1*4 ( CG>fc«>. «%B4>ffiBffi£ti. ±0. 
5 2 *P>«a'C*4. #'J^-a7lt2 1 8©J13 
li. 5 - 1 0 0 5 * P VBBlCt 1 **. 

[ 0 0 8 5 ] *fc, KC0ffi»*U-if2 ! 

Stffll'fcB&fcl*. *'J?-ar82 1 8(OH5li2 

o -so ^ $u i>n&&mmv<bt>. y**- k 

B 2 1 8 G>JS5 tt5 - 3 0 ^ * G >BA*B£-C*4. 
[0086] B12tt, m\ O0IB (10) 
[00871 #'J-*-a7B2 18±K % *U"?-±B 

KB 2 1 9*««T4. 
[0 08 8] C©»£, #»J-*-T»«* KB 2 ! 7 

(CX^+t/K^^^U+iJ d^-tBfliU'C, £ 
BtB?fB*l/TBfbS*4. CG>B©B*W:. srB 
OJiSHt? 5 - 5 0 $ * P > sat-c A 4 . 

[ 0 0 8 9 ] B 1 3 1*. £ 1 1 ©IB CM) € W . 

[ 0 0 9 0 ] 2 0 7 *, JT-f V> ?K«fc4W 

[0 09 i ] fc«u y-f i*>y#ctt, nsLtecffii 
*4fc«>, ff«©Clfit\ £E«©ia]*«:*»**s>2 0 
7*»iiw*cii* , c»atir». 

[ 0 0 9 2 ] « fc, *W f > ?©<£§?*§&(*, ± 2 4 * 

&2 0 1 ±tCW*6n&-?-*«:Bv»-C*BK:iaBd*> 
*OTm"C*4. 

[0093] ±Bl/feJ:9(C v «^HBBBHB2 0 
1. BJfc*l*— tf2 13. 7* hy-/*- K2 1 4, S 

5^12^2 12. 4<u^4P2i i frhttttjumsan 

&&<D±.miC. H, #'J-?-B2 16-2 i 9«BJIt 
y^v7^iSiri«:«t-r«SicttB&toi**?7->'Cfa! 

[0 09 4] *fc. Bifida -b A ii. "Jx/^Jr-AT 
iTbft4©1?. B«CC»BCDj)HS-T'BSBB«rffiS!|r« 

[ 0 0 9 5 ] * fc, jfe^^2 0 7 K*H*T t . <£E 

utmvmn<o *4 1'> y«B4»v»-c«3 a h Kfftt 



C6) M2 0 0 0-2 3 5 127 

10 

[0 09 6] sn*r. WTfcWwajr^ftttttflDit* 

[0097] 1 . ASl*Btft**5 J:tf«*» 

?&©H©Btift4ai'fc«>. tt*«**W<*9. £ 
fc. 3*hy^*-K2 14:W&&£<£j0. UF) 
7B7BBBB2 0 3 KSg3nt:c»4fc». 

hbs 2 o 3 <oasBH*aat?ftff r * j: ^ KBitr 4 
c&3»*mfc&a4. s?sbhb2 0 3©»p 

[0 09 8] 2. ffl#fc*L/-t?2 ! 3**, ffiSS 
0- lpF)*C«^>y^>^ (^0. InH) 

t?g«;*ftri»4©T\ sa^£B«:««ccSE^4c£ 
tmzm&&mx\ <m*mti-r«?MHB 

2 0 3*6[lttrr«C&4S-Cft4. 
[ 0 0 9 9] *IH-C«, B-T^B^BISB 

H2 0 3H*CM>'C. «E***lJ:Cf****t. *ft 
20 IffiM* & «Sflt BBb V 4HHIBB 4 lift WtB 

ft:Ci^j:^c. ftS?BBa>^>br-4r>ABd^? 
Br*0, Gb i t/«tl±0>a*iStt, (5^f«^ft 
*B4C4^t?«44l*5«iS*Wl/ , Cl'4. 

[o i o o ] cvtivctfrh, xmn+mmn, 

2 0 3 1*. K*OT«ffiBB<M4ffll*fl: vx ^i* L 
S I (etfcttl/C. **B©m*8«*aHWC»9 
r*. tt)fiO!«E*flWfc««:B4Ct^-CS4. 
[0 10 1] $^c, jfem^J:or^gW)§sg^@a4 
30 a»* , .-c*4©-c\ c*tK>4fcr>*h^*?p»«cj:&# 

«BB«BA-C#4. 

[0 10 2] £4<3, **C«, ftjttS^tjBttH^B 

A:BB4».«t4 L'C^>, *^M*caffl-c*4<>a>'C*4. 
[ 0 10 3] [B2flE>H] iXtC, *^^<D^2©*te© 
^S^, Bl4fc»^-'CRWr4, ttftl, Wi*LfcB 

I 0 10 4] ft«$B*flta?4W4&tt 
40 2 0 7<Offi8*a«:5:^ciWT i *4. 

[ 0 1 0 5 ] B 1 4 ( a > l£7fc?£5(£ % * U v-±gfi 
KB 2 1 9±tc, X5»^>^-?A^B2 2 1*7 
* h WffW i-CBfft-4. B»*|**6-< 

t«c , in i 4 ( i) > ic^tj: *>n. nmmn o 

7tfMr4C£*'C«4. 

[0 106] CCDJi^tt^irhyv^^^ttllitBi- 
4C4iCj:»j. 5^- (B2^>ASMB2 2 01»B) <^> 
(ig$ia«r, Bl«>BJ:0 4*<««T4C4*i-C8 
50 4, 
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[ 0 10 7] [ H 3 <J>M } -X K , iffomm 3 <0$M<J> 

sat, Bisfcg^rBurr*. a*, ly-aofcsi 
i *> £cm 2 ogaoBa ±m-micr>^ tckb \t 

[o io8] *pir'ii t ft van*, ft&o&mmic 

lo 109] rah*, m&urc2 i 7-2 1 90*1 

©•aSBJBKiJlJit, »2©»»»B«:f»«-*. 
[0 110] £2<9£?ftBSSIi, »2©*M-sr-T*> 
77 FS2 2 3. »2«M<*J^37IH2 2 4. B2G> 
*<J-?-±B»9* Ffl2 2 5&*6NMt*n«, 22 

2tt. saraccn©** * kb-c**. 

[0111] ttfe. »37K)li^^ KS. Pi* 
I*. 2 194222 t*HbBr»Bt/'C<>J:i'. <*fc 

[0112] C<QJ:5tCft®m&<Ox&&W\V>m<D&#i 

MW^ctw-: r Seat? * *«vc\ «%88Ho * 

[0113] 

4 4 *SB< b U fc*BIfc&Bft&f6± 
«c. Wft#«^Hi4#'J"*--T»«* KB4*>J 

- ^ r b 4 # y - » y 7 Kg tiphuh i>u < 

T\ moB?BB*^Mtcj:<?'CB&3n. **fi 
t«i*Qtt^«e*Tf £OTItia«B?iaiBHW 

[a i ] *jhh®b i ©^tto^flrc^&jfes^aaB 

[S3] GaAs»t5Lh«».«sn3rcxe*+t/ + jUja 

[@4] s?am8sitficDK9a'c«6. 

[05] B?aHBR&B±Kxe**«/ + JUBettQ 

[B6] B5(C«<IS-C*«, *kT 

[@7] H6«:«<lfi-C*0, S?aRBH&B±cc 
a ^ ycc J: Ufc 4 ftetRBUE 



flB*C*&« 

[B8] B7fctt<IffC**J % &R«X?4B?&tt 
BH&K4*BBAfCtt*l/fi: 4 ftOHRjEBB-Cfe 

[@9] mQiz&<iMx-*>^Xs v&fb#v-?-B* 
b. <i>> \mmmmv*>&* 

io ask ebb, (bxwnt^i, 

[01 1 ] Bl OCCSKIBT 1 *-?*. K'Jv-37i 
*»tiW 4Iffl*5WB«i«a*T fc *9 . ( a > ttBKE 
BB . ( I) ) « x ? * > ?iffl(Dfi£gfflli&H , ( c ) I* a 

* * > y»fl>«K«fflB-c*&. 

[012] Bl HCUKIB-C40. *«^-±»>^ 
^ K**«Wtr*XS*«1«B«« , C»0 . < a > It 

mnEsm. it) \tsmmmv*>&. 

[01 3] Bl 2<c(KIir*fl. jr^s/>jr«:j:0 

20 { a ) ttftigfuEffiB. ( b ) li^«ffiar'*>-5. 

[0 l 4 ] *J5IB<0»2©*ttO«SX'*>*^*>x 9 

[0 l 5 ] MB^30M0Mr*«V2CWIjft 
£g@ «A UfcBdcoBHS 0t-*> s. 
[0 l 6 ] 3 l ®K*Me«*'KBB'CJb6. 
[0 l 7 ] m2<D®£MZ*V MBUi, 
[ffWwg] 



2 0 l 


btsbbosb 




30 20 3 


S^MtBEB 




20 7 






2 l l 


# y <f s k 




2 l 3 






2 l 4 






2 l 7 


#y-?-Ta*** 
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[fttffiE*] 

{ma]*ti\ 2^382 10 (2 00 0. 3. 2 
1 > 

.'HHbcc®.«3 nfc x e * * i/ * ^boc— a 4 * m 

sreffH $ ntc * x 4 $ tvfcN&x t * + 1/ 
**B*tf »Mfcx ? *> yur<Mfi»*«j«i/. 

to*-?- > <rffl4r>r 7 ^ h 7- ^ x ? 

ByKftSttdHBStiLhK * ✓ - * 4 1 • It* 'J - 
«r^?H bTVUft* « ^ - B**I«T 4X*s 4 . 

HB7ttft# 'J -?-i±«:*./-*-*4 wt* 'J 
*B*l/C#V?-T«*** FBtBflWftXBt, 

■Effy^-TB*** K*±Jc*y-?-**ff»tt*y 

=f?-*IWil/'C* "J ^-3Tl*»fi«4XfS4, 
MB4< »J - * 7 Js fcNBl&B&to* -?- * fcgigtc 0 

r*fcK> t * - > * **r 4xs 4 . 

*4v»tt*y^T-*a:*LrittwftifiM*-->«aa[> 
#y-7-±«9?? h"a*sar4x*i&. 

TflMK-tXfl&tAjL 

f!TE£€tt£BBStiLbK . RE* 'J -?-T$* 3 * K 

■t«B»»B^*-->tiMa*y -?-±*** * ki 

44»6tr&XVBB. HE)lclBdft«f:irr 4 

&V8SBBB* BttH&DtOfcc: itttlt-r**!** 

Stk2nfi:«?MMBBNfiG>£&aB4 x tf* *•/ * 
.'US«k:©.«S rife x tr * * >> * ^B£— S 4 * ttm 
U Sttte^mcxe^^^tJUSS^x^^^^ 4 
cttej: ^rWi«*«SBStti«±«:WEx t jr*i/ 
* *B«>#&<& nr i - «c c ^totes^ss/a 4 u m«a 



♦BB2 0 0 0-2 3& 127 



BBfEH 8 tlfc •> x »4>&BI 4 $ ftfcNBx f * * > 

sijft-^ *=> tear MMffimftc 8 

to*"?- >tffl(r»T7 * h 7- »*£0X 7 ^> 

-C *Htt*BSW 4 C 4 K J: -7 r tt«3W 

^■3nflc«atMBttR«ffttr6x«i&. 
waftSiteBB«1s±<c*^^-*4i^i* 'J 
«WOTWBfk#y^-Bt«W*I*4. 

*B*l/C*'J-?-TN*** HB*:».'SW4XS4, 

ma#y^-T»>5'? k s± oc 4c >&*y 

J-7-<rttHiU'Csi<y^-n7fl*««r&xfl&, 
RE* 'J7-371 * I5t2fig£totf "7- * «C L< 

r*aHM * - > * *fljtr 4X!i 4 . 

* 4 c y tttw bx wsm& > 
#y-*-±*»5* F«***-r*x«&. 

^ k j: -7 r^fisr 4xg4 eiiii. 

■tiiE»f*B^*-->tiMa#y-?-±»>9 * pi 
4^6<c4jftvns. ma«iBauKm > & 

[ U«3R 3 ] IS*^ 1 2 BtK>«B7BRBB<E) 
fW^tBi'-CffBSnftdW^BBBBr* ->r , 

4 y if ss^jfe^^ 4 *^^(k utrfmm&m 

SSS^4, 

1513^^ 4 7feg3^*?T 5 fc&KliirEftBtt^B8&& 
±(cmHBJttSft, *y-?-T«>*»KI4B«B^ 

^-^4*y -7-±m mt&httzmm, 
*J:if % ^w^4WB2ftK : f4©p*r*fl>ittf*iai 
*.«*4*BKft««:WT4*«5ftBBB4*R*, 
!S*Ti i x« 2 Ktt©*H*^ d * 7s Wk*Rb , m 

tec tzftfttTzft^+mmn. 

[7<MjE2] 

[MliE^MIg£] 0 0 1 6 
[NX**] KM 
[NErtS] 
[0 0 16] 

[BB«rRRT«A:M>¥A] *«B«, ^S4a^:0'<4 

B0Oaa*¥tt<kl', S*¥fflffc*twrc«*BfBBB»fi 
(DSS^S ixt^t^t ^SScc««8 nfcx f 5? * 
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v*M2<?>-ffi£&#§U. s*##3ftfcxb***w 

ss±tci?iEx tr * * s/ 1 *jsg>#s 3 nr c «a t 

4 . hsues** txtc o xj *®amu t s nfcHex e * 
j«*»#mwcx » ?> yi^affifttvau 

jaShfc«EttK^talt-?->*aHUU ItiHbt/fctiL 
B&to*^-^«:Bl'r7 * h V~9i*JlVX9*>if 

tBffits-CVWItf 'J ^-«r««'f*X«4. iiylE* 

i/c#y -*-rs&£ ? ? KH««jdtr«xs&. &«sa# 

«*Ut , *tf-?-arl*«J|IW , *XSt, MB*y 
MB'<*~>±<c*</?-ab6M*3r a J rf-9-€fftHi 
jfc«ttdBBil£±K. MB* "J -*-T» > 9 * KB 4 

miimw&t ** - > t pa* >j -9 -±gp * ? * k 9 4 a> 

mm 4 x e * * ft Jt lEBfcSjA * ftfcx b- ♦♦ft A 
S©-ffl4*ttSU «3SS3ftfcxtf**ft*S« 
*x * * > ifT4c 4 u: J: ?TB£«?ftfRBBitttLh 

chbx b- * * f * ji*b®bb $ nr <, »* i -«©isb*s 

«iBB4l/r»a*nfe^x^«rfHar*XS4. PIE 

ff M 3 nfc o x; m&shb 4 $ nfeniex e * * f * .-u 
«mrf*«fiMM*r*c 4k* ^tafotSt^* 



1*112 0 0 0-2 3 5 127 
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